The Golgi apparatus lies at the heart of the secretory pathway where it is required for secretory trafficking and cargo modification. Disruption of Golgi architecture and function has been widely observed in neurodegenerative disease, but whether Golgi dysfunction is causal with regard to the neurodegenerative process, or is simply a manifestation of neuronal death, remains unclear. Here we report that targeted loss of the golgin GM130 leads to a profound neurological phenotype in mice. Global knockout of mouse GM130 results in developmental delay, severe ataxia, and postnatal death. We further show that selective deletion of GM130 in neurons causes fragmentation and defective positioning of the Golgi apparatus, impaired secretory trafficking, and dendritic atrophy in Purkinje cells. These cellular defects manifest as reduced cerebellar size and Purkinje cell number, leading to ataxia. Purkinje cell loss and ataxia first appear during post-natal development but progressively worsen with age. Our data therefore indicate that targeted disruption of the mammalian Golgi apparatus and secretory traffic results in neuronal degeneration in vivo, supporting the view that Golgi dysfunction can play a causative role in neurodegeneration.
Introduction
As an important compartment of the endomembrane system, the Golgi apparatus is present in all eukaryotic cells. The Golgi apparatus lies at the heart of the secretory pathway and plays a critical role in the post-translational modification and trafficking of secretory cargo proteins and lipids (1) . In addition to these core functions, the Golgi apparatus also contributes to cell cycle regulation and cytoskeletal dynamics (2) (3) (4) . The Golgi apparatus has a characteristic architecture, comprising one or more stacks of cisternae that in vertebrate cells are laterally connected to form the Golgi ribbon (5, 6) . The vertebrate Golgi is typically positioned adjacent to the centrosome, a localization that is dependent upon interactions with microtubules and the microtubule motor protein dynein (7) . In migrating cells or in polarized cells such as neurons, the Golgi is positioned towards the leading edge or apical dendrite respectively, allowing both polarized delivery of secretory cargo to these plasma membrane domains (8) (9) (10) . In developing neurons, the Golgi can also exist as non-centrosomally associated outposts, thought to be important for localized delivery of cargo direct to the newly forming dendritic plasma membrane as well as local microtubule nucleation to support dendrite morphogenesis (11) (12) (13) (14) .
Although the Golgi apparatus is well characterized at the molecular level, its roles in development and in tissue homeostasis, and how its dysfunction contributes to disease, remain relatively poorly characterized. For example, we know that the Golgi apparatus undergoes fragmentation in many neurodegenerative diseases, including Alzheimer's disease, Parkinson's disease, Amyotrophic Lateral Sclerosis (ALS) and spinocerebellar ataxia type 2 (SCA2) (15) (16) (17) (18) (19) . However, whether Golgi fragmentation or impairment of secretory traffic in neurons can cause neurodegeneration, or simply reflects a consequence of cell death, remains unclear (20) . Several studies have shown that polarized membrane delivery via the Golgi apparatus is important for neuronal morphogenesis during brain development (8) (9) (10) 21) , but whether impairment of this process can cause neuronal death with consequent neurological impairment in vivo is currently unknown.
Members of the golgin family of coiled-coil proteins are required for maintenance of Golgi organization and are important for the specificity and efficiency of membrane traffic at the Golgi apparatus (22, 23) . One of the best-studied golgins, GM130 (also known as GOLGA2), contributes to Golgi ribbon morphology and can tether transport vesicles to facilitate endoplasmic reticulum (ER) to Golgi traffic (24) (25) (26) (27) . It has also been implicated in Golgi positioning and cytoskeletal regulation (4, 28) , and can contribute to the organization of neuronal Golgi outposts, at least in Drosophila (13) . However, the physiological importance and in vivo functions of GM130 have yet to be explored in a mammal.
Here, we generated GM130 knockout mice and investigated the consequences of GM130 loss upon Golgi architecture and function within the nervous system. We find that loss of GM130 leads to disrupted organization and altered positioning of the Golgi apparatus in cerebellar Purkinje cells, which is accompanied by impaired polarized trafficking to the apical dendrite. Importantly, we find that these cellular defects manifest as a loss of Significance It has been known for many years that the Golgi apparatus, the central organelle of the secretory pathway, is fragmented upon neurodegenerative disease. However, it has remained an open question whether Golgi disruption contributes to neuronal death, as seen in disease, or is simply a consequence of this process. In this study we show that knocking-out the Golgi protein GM130 in mice causes Golgi fragmentation and impaired secretory trafficking in Purkinje neurons, resulting in cell death and ataxia. The cell death and ataxia are first observed in post-natal development, but worsen with age. These findings indicate that targeted disruption of the Golgi apparatus can result in neuronal loss in vivo, supporting the view that Golgi dysfunction can contribute to neurodegeneration. and P14 mice. F, Body weight of pancreas, lung and neural specific knockout mice compared with wild type littermates at 8-9 weeks of age. **P < 0.01.
Submission PDF

Fig. 2.
Motor disorders of GM130-nKO mice. A, Limb clasping reflex in GM130-nKO mouse. B, Gait of mice was assessed with footprint assay. Footprints in red and blue indicate those made by forepaws and hind paws respectively. C, Shorter stride lengths of GM130-nKO mice (n = 5, **p < 0.01). D, E, Time spent on a rotarod forcontrol and GM130-nKO mice at age 3-week (E) and 8-week (E). n =7 control mice, n =8 GM130-nKO mice; *P < 0.05, **P <0.01. Results from four independent trials are shown. Data are presented as the mean ± SEM. F, G, Time needed to traverse an 18-mm (F) and 11-mm round (G) wooden rod. n = 9 control mice, n =9 GM130-nKO mice; *P < 0.05, **P < 0.01, Results from three independent trials are shown. Data are presented as the mean ± SEM.
Purkinje cell viability and progressive cerebellar atrophy, leading to ataxia. Our findings therefore indicate that disruption of the . Nuclei are stained with DAPI (blue). Scale bar, 500 µm. E, F, Quantification of the Purkinje cell density and molecular layer thickness in lobules X and IX of GM130-nKO and littermate control mice at age 2 weeks (E) and 4 weeks (F). n = 3; * P < 0.05, **p < 0.01. Data are presented as the mean ± SD. G, Immunohistochemical staining of the astrocyte marker glial fibrillary acidic protein (GFAP, red) and calbindin-D28K (green) in the cerebellum of control and GM130-nKO mice. Scale bar, 20 µm.
Golgi apparatus and impairment of secretory trafficking result in neuronal loss in vivo, and thus may contribute to the phenotypes observed in neurodevelopmental and neurodegenerative disease.
Results
Generation of GM130 knockout mice.
To determine the physiological importance of GM130 in vivo, we generated a global knockout mouse (GM130 -/-) by homologous recombination (Fig.  S1 ). The GM130 -/-mice, which lacked detectable GM130 (Fig.  1A) , were born at a normal Mendelian ratio, indicating GM130 is not essential for embryonic development. However, deletion of GM130 resulted in reduced growth (Fig. 1B, C) , and post-natal death before age post-natal day 35 (P35) (Fig. 1D) .
To explore how loss of GM130 causes growth retardation and death, the temporal expression of GM130 in different mouse organs was examined. We found that GM130 is highly expressed in the brain of newborn mice (P3), and although widely expressed it is particularly abundant in liver, pancreas, and lung during post-natal development (P14) (Fig. 1E ). To determine how organ-specific loss of GM130 affects post-natal development, we generated conditional knockout mice in which GM130 was selectively knocked out in brain, pancreas or lung (Fig. S2 ). Postnatal development and survival of mice were not affected in mice lacking GM130 in either the pancreas, or lung ( Fig. 1F) , although GM130 was highly expressed in these organs. However, when GM130 was deleted in the brain by crossing GM130 fl/fl with mice bearing a Nestin-Cre transgene, which is expressed throughout 137  138  139  140  141  142  143  144  145  146  147  148  149  150  151  152  153  154  155  156  157  158  159  160  161  162  163  164  165  166  167  168  169  170  171  172  173  174  175  176  177  178  179  180  181  182  183  184  185  186  187  188  189  190  191  192  193  194  195  196  197  198  199  200  201  202  203  204   2 www.pnas.org ------Footline Author   205  206  207  208  209  210  211  212  213  214  215  216  217  218  219  220  221  222  223  224  225  226  227  228  229  230  231  232  233  234  235  236  237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255  256  257  258  259  260  261  262  263  264  265  266  267  268  269  270  271 the nervous system (29), the neuron-specific knockout offspring (referred to as GM130-nKO mice), showed significant growth retardation (Fig. 1F ). This result indicates that GM130 expression in the brain is required for normal growth in mice. The GM130-nKO mice were able to breed and did not show reduced survival relative to GM130 fl/fl (referred as Ctrl mice) littermates up to 1.5 years of age. The growth retardation observed in GM130-nKO mice was less than that in GM130 -/-mice, suggesting that GM130 has functions in cell types beyond those in which Nestin-Cre is active.
Motor defects in GM130 knockout mice. The GM130 -/-mice displayed a striking ataxia phenotype (Movie S1 and Fig. S3A ). The mice staggered and could not stand steady on their hind legs, indicating GM130 is required for proper motor control during post-natal development. Consistent with the ataxia phenotype seen in GM130 -/-mice, GM130-nKO mice also displayed motor coordination defects (Movie S2). These were mild in young animals but progressively worsened with age (Movie S3), and tremor was obvious. The GM130-nKO mice also displayed a limp reflex when lifted by their tail (Fig. 2A) , consistent with a neurodegenerative defect (30) . A footprint assay revealed an ataxic walking gait and diminished stride (Fig. 2B, C) . In contrast, both Nestin-Cre transgenic mice and GM130 fl/fl mice did not display any motor abnormalities. To assess motor coordination quantitatively, the GM130-nKO mice and control littermates were subjected to rotarod testing. In multiple trails, GM130-nKO mice showed a mild reduction in time spent on the rotarod at 3 weeks of age (Fig. 2D) , which was much more profound at 8 and 12 weeks of   273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298  299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314  315  316  317  318  319  320  321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340 Submission PDF age ( Fig. 2E and Fig. S3B-D) . GM130-nKO mice also needed a longer time to cross balance beams of multiple sizes (Fig. 2F, G) . Together, these results indicate that deletion of GM130 in the central nervous system leads to severe neurological dysfunction.
Progressive cerebellar atrophy and Purkinje cell loss in GM130-nKO mice. To reveal the basis of the motor phenotype of GM130-nKO mice, adult brains from GM130 fl/fl and GM130-nKO mice were analyzed. No gross changes in brain architecture were observed in the forebrain or midbrain of GM130-nKO mice; however, the cerebellar size was dramatically reduced (Fig. 3A, B) . Therefore, we focused our attention on the cerebellum. Histological analysis by Nissl staining revealed a dramatic loss of Purkinje cells in adult GM130-nKO cerebellum (Fig. 3C) . By comparing the cerebellum at different ages, we found that loss of Purkinje cells, marked by antibodies to calbindin-D28K, began in the third post-natal week, most noticeably from lobules X and IX (Fig. 3D-F) , with Purkinje cell degeneration occurring in other regions as the mice became older (Fig. S4A-C) . In contrast to Purkinje cells, there was no degeneration of neurons within the molecular or granule layers of the cerebellum (Fig. S4D) . The results indicate a progressive cerebellar atrophy and degeneration of Purkinje cells in the GM130-nKO mice, as opposed to a neurogenesis defect occurring early in development. The progressive degeneration of Purkinje cells correlated with impaired motor function, which was also progressive in nature ( Fig. 2 and Fig. S3B-D) . The loss of Purkinje cells in the GM130-nKO mice also correlated with a significant decrease in the thickness of the molecular layer (Fig. 3F ) and increased staining of the astrocyte marker GFAP, consistent with neuronal damage, in cerebellar regions where Purkinje cell loss occurred (Fig. 3G) . Staining for the apoptosis marker cleaved caspase 3 indicated that there was significant apoptotic cell death of Purkinje neurons in the GM130-nKO mice (Fig S5A, B) . Consistent with the Purkinje cell loss observed in the GM130-nKO mice, the global deletion of GM130 also resulted in dramatically reduced numbers of Purkinje cells (Fig. S5C) .
Disruption of Golgi architecture and positioning upon GM130 knockout. Studies in cultured cells have revealed a role for GM130 in maintaining mammalian Golgi ribbon organization and pericentrosomal positioning (25, 31) . GM130 also participates in vesicle tethering during ER to Golgi traffic (24, 26, 27) , and can function as a scaffold for activation of Cdc42 or Stk25 that is relevant for cell migration (32) (33) (34) . To elucidate the cellular basis of the ataxic phenotype and Purkinje cell degeneration of GM130-nKO mice, we used antibodies to golgin-84 and TGN38, markers of the cis and trans-Golgi respectively, to analyze Golgi structure in Purkinje cells from mice at ages of P8, P14 and P28 by immunostaining. Purkinje cells from control mice at all ages had an elaborate Golgi ribbon, with Golgi elements extending around the nucleus of the cell soma, whereas loss of GM130 resulted in a compaction of the Golgi apparatus at P14 and P28 ( Fig. 4A, B ; see also Fig. S8 ). Changes in Golgi ultrastructure in the Purkinje cells were clearly observed using transmission electron microscopy with a loss of cisternal stacking and cisternal length and an accumulation of vesicular profiles localized to the perinuclear region (Fig. 4C, D) , These results are consistent with our observations in GM130 -/-MEF cells (Fig. S6) . A similar disruption of Golgi architecture was seen in granule cells within the cerebellum of the GM130-nKO mice, and also in nonneuronal cell types in the GM130 -/-mice, indicating that GM130 is important for maintaining Golgi organization in many cell types in vivo (Fig. S7) .
In wild-type mice at P8 we observed Golgi outposts in primary dendrites of Purkinje cells, as expected from other studies (8) (9) (10) 21) . The outposts were absent from Purkinje cells lacking GM130, which is consistent with results in Drosophila (13) . Interestingly, Golgi outposts were not observed in Purkinje cell dendrites at P14 and P28, even in wild-type mice (Fig. 4A) , suggesting that the Golgi apparatus undergoes dynamic changes in its dendritic localization during neuronal development.
Importantly, we found that loss of GM130 altered the position of the Golgi apparatus in the soma of Purkinje cells. In control mice, although the Golgi ribbon extended around the nucleus, it was enriched at the apical pole and extended to the initial segment of the primary dendrite, close to the molecular layer (Fig 4A, B, E) . In contrast, the Golgi was predominantly found at the opposite side of the soma to the primary dendrite in GM130-nKO mice at P14 and P28, indicating a loss of apical polarity of the Golgi apparatus (Fig. 4A, B, E) . This finding is consistent with the loss of Golgi polarity seen upon shRNAmediated depletion of GM130 from hippocampal granule cells (10) . The pericentrosomal positioning of the mammalian Golgi apparatus helps determine its polarized distribution in various cell types (7) . To determine whether loss of GM130 results in altered association of the Golgi with the centrosome in Purkinje cells, Golgi and centrosome positioning were analyzed in parallel. As shown in Fig. 4F , in control mice the Golgi apparatus was closely associated with the Purkinje cell centrosome, labeled with γ-tubulin, which was located apically near the base of the primary dendrite. In GM130-nKO mice, the centrosome retained its apical polarity, but the Golgi apparatus was completely dissociated from it (Fig. 4F) . A likely explanation for this effect is the loss of GM130 binding protein AKAP450, which helps link the Golgi apparatus to the centrosome (35) , from the Golgi in the GM130-nKO Purkinje neurons (Fig. S8A) . In contrast, the Golgi association of Stk25, which has been implicated in Golgi polarity (32) , was retained in the absence of GM130 (Fig. S8B ). Together these results indicate that although GM130 is not required for initial Golgi polarization, it is essential to maintain the polarized distribution of the Golgi apparatus in Purkinje cells, most likely through its association with AKAP450 and the centrosome.
Deficient secretory cargo trafficking upon GM130 knockout. The polarized distribution of the Golgi apparatus in neuronal cells is required for directed trafficking of secretory cargos into the dendrite, which is important for dendritic growth during development (8) (9) (10) 21) . GM130 participates in ER to Golgi traffic (24, 26) , functioning as a tether for ER-derived transport vesicles (27) . Secretory trafficking was therefore analyzed in GM130 knockout cells, using the model cargo vesicular stomatitis virus G protein (referred as VSVG) fused to GFP. In both cultured primary MEFs and cerebellar neurons, deletion of GM130 led to a reduced rate of trafficking of VSVG-GFP from the ER to the Golgi apparatus (Fig. 5A, B and Fig. S9 ), indicating a role for GM130 in this trafficking step in these cells. We then analyzed the morphology of dendrites in Purkinje cells of the knockout mice. In wild-type mice, an elaborate dendritic tree was obvious at P9, and by P30 there was a dramatic expansion of dendritic arbors, as expected (Fig. 5C ). Dendritic morphology was relatively normal at P9 in GM130-nKO mice (Fig 5C) , indicating that GM130 is dispensable for initiation of dendrite formation and initial growth of the dendritic tree. However, strikingly, there was a dramatic reduction both in dendritic size and arborization in GM130-nKO Purkinje cells at P30 compared to wild-type (Fig. 5C ). Indeed the dendrite was smaller than that seen at P9, indicating not only a failure to expand but also significant amount of dendritic atrophy. Together these results indicate impaired secretion and defective dendritic maintenance upon loss of GM130.
To further assess secretory trafficking in the cerebellum of GM130-nKO mice, we focused on synaptic receptors that have to transit the Golgi apparatus on their way to the neuronal plasma membrane, where they function in neurotransmission (36, 37) . Levels of plasma membrane AMPA-type glutamate receptor subunits were assessed by blotting the post-synaptic density (PSD) fraction isolated from the cerebellum of GM130-nKO mice. There were decreased amounts of both GluR1 and
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GluR2 in the PSD fraction of the GM130-nKO mice compared to control, even though total abundance was not affected (Fig  5D, E) , consistent with impaired secretory traffic to the synaptic membrane. In support of this conclusion, we found soma to dendritic trafficking of GluR1 was reduced in GM130-nKO Purkinje neurons (Fig. 5F ). It has been reported that decreased abundance of the GluR2 subunit can lead to high Ca 2+ influx (38) , which can result in Purkinje cell death. There was also reduced PSD95, which scaffolds several types of neurotransmitter receptors including NMDA and AMPA-type glutamate receptors at the post-synaptic membrane (39) , in the PSD fraction (Fig.  5D, E) . Reduced PSD95 can cause reduced AMPA receptor abundance at the synapse and longer NMDA mediated LTP (40) . Thus, defective neurotransmission as a consequence of reduced neurotransmitter receptor abundance and stability at the synapse is likely to contribute to impaired functionality and long-term survival of Purkinje cells in the cerebellum of GM130-nKO mice.
Analysis of golgins and GRASP65 in the cerebellum. Given the particular sensitivity of Purkinje neurons to loss of GM130, it was of interest to assess relative levels of GM130 and related golgins, in different neuronal types, both in control and GM130-nKO mice. As shown in Fig. S8C , GM130 is expressed in Purkinje cells and in neurons within the granule and molecular layers of control cells. The staining for GM130 was stronger in Purkinje cells, reflecting the increased abundance of Golgi membranes in this cell type. The same was true for two other golgins, golgin-84 and TMF1, which are localized to the cis-Golgi and trans-Golgi respectively ( Fig. 4A and S8D) . Similarly, staining for the cisGolgi golgin GMAP-210, which, like GM130, also functions in ER to Golgi transport (27, 41) , was strong in Purkinje neurons, although harder to detect in other neuronal types present within the cerebellum (Fig. S8E) . In GM130-nKO mice, the levels of the golgins studied were largely unaffected, although there was a slight reduction in abundance of GMAP-210 ( Fig. 4A and S8D , E). GRASP65, which is anchored to the Golgi membrane via association with GM130 (25, 42) , was present in Purkinje cells and other neuronal types within the cerebellum of control mice. In GM130-nKO mice, it was lost from the Golgi, as expected (Fig.  S8F ). Together these results suggest that the particular sensitivity of Purkinje cells to loss of GM130 is not due to a deficit in expression of other golgins or GRASP65 in this cell type.
Discussion
In this study we report that targeted knockout of the golgin GM130 in mice leads to degeneration of Purkinje neurons within the cerebellum. Within Purkinje neurons, GM130 is required for Golgi positioning via association with the centrosome, and for efficient ER to Golgi trafficking (Fig. S10 ). Both processes are required for polarized delivery of secretory cargo to the dendrite, which is required for growth and maintenance of the dendritic tree. Loss of GM130 leads to dendrite atrophy, Purkinje cell degeneration and generation of an ataxic phenotype in mice.
Previous work has shown that the polarized distribution of the Golgi apparatus is required for dendritic initiation from the soma and subsequent growth, a process that requires the delivery of large amounts of newly synthesized plasma membrane components via the secretory pathway (8, 21) . Knockout of GM130 did not affect initiation or early growth of the Purkinje cell dendrite, but was required for maintenance of the dendritic tree. This finding suggests there is a higher requirement for directed secretory traffic for the expansion and maintenance of the dendritic tree, as opposed to its initial formation, at least in Purkinje cells. GM130 impairs membrane delivery into the apical dendrite in two ways: loss of Golgi positioning and lower rates of ER to Golgi traffic, most likely due to defects in vesicle tethering.
A recent study reported that RNA interference-mediated depletion of GM130 in hippocampal neurons results in mild impairment of dendritic initiation (10) . In contrast, we find that in Purkinje neurons, dendritic initiation still occurs in the absence of GM130. Notably, we find that Purkinje neurons are particularly susceptible to loss of GM130 in vivo. The reason for this is currently unclear. A possible explanation is redundancy in golgin function, which may vary between different types of neurons (22, 23) . However, the abundant Purkinje cell expression of other cisGolgi golgins that could in theory compensate for loss of GM130, argues against this possibility. Rather, we favor the hypothesis that Purkinje cells are particularly susceptible to perturbations of secretory traffic due to their extremely large dendritic tree, which requires a significant input of material for both its growth and its maintenance. The relatively large amounts of Golgi in Purkinje cells would be consistent with this idea. Interestingly, knockout of the GM130 binding partner GRASP65 in mice fails to elicit a phenotype (43) . This has been attributed to compensation by the related protein GRASP55 (43), which does not interact with GM130 in vivo (44) . Thus, even though loss of GM130 resulted in a failure to recruit GRASP65 to the Golgi, the phenotypes we observe are likely independent of GRASP65.
Cell-culture based studies have implicated GM130 in a number of cellular processes in addition to secretory trafficking, including cytoskeletal regulation that is important for cell migration and cell division (4, 31, 33, 34) . It was therefore surprising that the GM130 knockout mice did not display any overt developmental phenotype; pups were born at normal weight and looked morphologically normal. These findings would appear inconsistent with a major role for GM130 in cell migration or cell division in vivo, processes that are particularly important during embryonic development. However, an alternative explanation is that GM130 function in these processes is redundant, possibly with another golgin, or that the developing animal can compensate for loss of GM130 in a way not possible in cultured cells. Further studies will be required to discriminate between these possibilities. Interestingly, a human patient with a loss-of-function GM130 mutation has recently been described (45) . This patient lacked any neonatal phenotype, but developed neuromuscular defects in the first year of life. Hence, in humans, it would seem GM130 is also dispensable during embryonic development. It would also appear that an important role for GM130 in the nervous system is conserved between mice and humans.
How similar the neuronal degeneration we observe upon GM130 knockout is to that observed in progressive neurodegenerative disease is currently unclear. The loss of Purkinje cells in the GM130 knockout mice starts around 3 weeks into postnatal development and progressively worsens as the mice age. The most common neurodegenerative diseases typically manifest only later in life, although the spinocerebellar ataxias, in which Purkinje cell death is commonly observed, can appear much earlier in life (46) . The cellular phenotypes we observe in the GM130 knockout mice could be considered neurodevelopmental. Although Purkinje neurons are born and specified prior to the time when phenotypes start to manifest, in mice they continue to develop their dendritic tree for up to 3 weeks following birth (47, 48) . Hence, a failure of Purkinje cells to properly grow or maintain the dendritic tree during the first weeks of post-natal development could explain the neurological defects we observe. This is different from an inability to maintain a fully formed dendritic network, as occurs when mature neurons undergo degeneration in later onset disease. Nevertheless, the demonstration that Golgi dysfunction causes neuronal loss in vivo, combined with the observation that neuronal loss and ataxia worsen with age upon loss of GM130, indicates that this process could, in principle, result in or at least contribute to the neurodegeneration that occurs in human disease. In support of this possibility, it has been shown that α-synuclein can perturb ER to Golgi traffic in Parkinson's disease models (49) , that the observations that the 545  546  547  548  549  550  551  552  553  554  555  556  557  558  559  560  561  562  563  564  565  566  567  568  569  570  571  572  573  574  575  576  577  578  579  580  581  582  583  584  585  586  587  588  589  590  591  592  593  594 
